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1
SYSTEM AND METHOD FOR SUPPORTING
INTER-BAND CARRIER AGGREGATION
WITH DIFFERENT UL/DL TDD
CONFIGURATIONS

BACKGROUND

The present disclosure relates generally to data transmis-
sion in communication systems and, more specifically, to
methods and systems for supporting inter-band carrier aggre-
gation with different UL/DL TDD configurations.

As used herein, the terms “user equipment” and “UE” can
refer to wireless devices such as mobile telephones, personal
digital assistants (PDAs), handheld or laptop computers, and
similar devices or other User Agents (“UA”) that have tele-
communications capabilities. In some embodiments, a UE
may refer to a mobile, wireless device. The term “UE” may
also refer to devices that have similar capabilities but that are
not generally portable, such as desktop computers, set-top
boxes, or network nodes.

In some instances, wireless networks communicate with
wireless User Equipment (UE) using, for example, base sta-
tions that transmits signals throughout a geographical region
known as a cell. For example, long-term evolution (LTE)
systems include evolved NodeBs (eNBs) for communicating
with UEs. As used herein, the phrase “base station” will refer
to any component or network node, such as a traditional base
station or an LTE or LTE-A base station (including eNBs),
that can provide a UE with access to other components in a
telecommunications system. In LTE systems, a base station
provides radio access to one or more UEs. The base station
comprises a packet scheduler for dynamically scheduling
downlink traffic data packet transmissions and allocating
uplink traffic data packet transmission resources among all
the UEs communicating with the base station. The functions
of'the scheduler include, among others, dividing the available
air interface capacity between UEs, determining the transport
channel to be used for each UE’s packet data transmissions,
and monitoring packet allocation and system load. The sched-
uler dynamically allocates resources for Physical Downlink
Shared CHannel (PDSCH) and Physical Uplink Shared
CHannel (PUSCH) data transmissions, and sends scheduling
information to the UEs through a control channel.

To facilitate communications, a plurality of different com-
munication channels is established between a base stationand
a UE including, among other channels, a Physical Downlink
Control Channel (PDCCH). As the label implies, the PDCCH
is a channel that allows the base station to control a UE during
downlink data communications. To this end, the PDCCH is
used to transmit scheduling assignment or control data pack-
ets referred to as Downlink Control Information (DCI) pack-
ets to a UE to indicate scheduling to be used by the UE to
receive downlink communication traffic packets on a Physi-
cal Downlink Shared Channel (PDSCH) or transmit uplink
communication traffic packets on a Physical Uplink Shared
Channel (PUSCH) or specific instructions to the UE (e.g.,
power control commands, an order to perform a random
access procedure, or a semi-persistent scheduling activation
or deactivation). A separate DCI packet may be transmitted
by the base station to a UE for each traffic packet/sub-frame
transmission.
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It is generally desirable to provide high data rate coverage
using signals that have a high Signal to Interference Plus
Noise ratio (SINR) for UEs serviced by a base station. Typi-
cally, only those UEs that are physically close to a base station
can operate with a very high data rate. Also, to provide high
data rate coverage over a large geographical area at a satis-
factory SINR, a large number of base stations are generally
required. As the cost of implementing such a system can be
prohibitive, research is being conducted on alternative tech-
niques to provide wide area, high data rate service.

In some cases, carrier aggregation can be used to support
wider transmission bandwidths and increase the potential
peak data rate for communications between a UE, base station
or other network components. In carrier aggregation, mul-
tiple component carriers are aggregated and may be allocated
in a sub-frame to a UE. Carrier aggregation in a communica-
tions network may include component carriers with each
carrier having a bandwidth of 20 MegaHertz (MHz) and the
total system bandwidth is 100 MHz. In this configuration, a
UE may receive or transmit on multiple component carriers
(e.g., five carriers), depending on the UE’s capabilities. In
some cases, depending on the network deployment, carrier
aggregation may occur with carriers located in the same band
or carriers located in different bands. For example, one carrier
may be located at 2 GHz and a second aggregated carrier may
be located at 800 MHz.

In network communications, information describing the
state of one or more of the carriers or communication chan-
nels established between a UE and a base station can be used
to assist a base station in efficiently allocating the most effec-
tive resources to a UE. Generally, this channel state informa-
tion (CSI) includes measured CSI at a UE and can be com-
municated to the base station within uplink control
information (UCI). In some cases, in addition to the CSI, UCI
may also contain Hybrid Automatic Repeat reQuest (HARQ)
acknowledgment/negative acknowledgement (ACK/NACK)
information in response to PDSCH transmissions on the
downlink. HARQ ACK/NACK transmissions are used to sig-
nal successful receipt of data transmissions and to request
retransmissions of data that was not received successfully.
Depending upon the system implementation, the CSI may
include combinations of one or more of the following as
channel quality information: Channel Quality Indicator
(CQI), Rank Indication (RI), and/or Precoding Matrix Indi-
cator (PMI). For LTE-Advanced (LTE-A) (beginning with
Rel-10), depending upon the system implementation, there
may be more channel quality information types in addition to
the formats listed above.

As for duplex modes, downlink and uplink transmissions
are organized into two duplex modes, i.e., frequency division
duplex (FDD) mode and time division duplex (ITDD) mode.
The FDD mode uses paired spectrum where the frequency
domain is used to separate the uplink (UL) and downlink
(DL) transmission. In TDD systems, on the other hand,
unpaired spectrum is used where both UL and DL are trans-
mitted over the same carrier frequency. The UL and DL are
separated in the time domain.

In 3GPP LTE TDD systems, a subframe of a radio frame
can be a downlink, an uplink or a special subframe (the
special subframe comprises downlink and uplink time
regions separated by a guard period for downlink to uplink
switching). The 3GPP specification defines seven different
UL/DL configuration schemes in LTE TDD operations. They
are listed in Table 1 as follows:
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TABLE 1

LTE TDD Uplink-downlink configuration

Uplink-downlink Downlink-to-Uplink

Subframe number

configuration Switch-point periodicity 0 1 2 3 4 5 6 7 8 9
0 5 ms D § U U U D S U U U
1 5 ms D § U U D D S U U D
2 5 ms D § U D D D S U D D
3 10 ms D § U U U D D D D D
4 10 ms D § U U D D D D D D
5 10 ms D §S U DD DD D D D
6 5 ms D § U U U D S U U D
15

In Table 1, D represents downlink subframes, U is for
uplink subframes and S represents special frame which
include three parts: i) the downlink pilot time slot (DwPTS):
i1) the uplink pilot time slot (UpPTS); and iii) the guard period
(GP). As Table 1 shows, there are two switching point peri-
odicities specified in the LTE standard, 5 ms and 10 ms. 5 ms
switching point periodicity is introduced to support the co-
existence between LTE and low chip rate UTRA TDD sys-
tems and 10 ms switching point periodicity is for the coex-
istence between LTE and high chip rate UTRA TDD system.
The supported configurations cover a wide range of UL/DL
allocations from DL heavy 9:1 ratio to UL heavy 2:3 ratio.
Therefore, compared to FDD, TDD systems have more flex-
ibility in terms of the proportion of resources assignable to
uplink and downlink communications within a given assign-
ment of spectrum. Specifically, it is possible to distribute the
radio resources unevenly between uplink and downlink. This
will provide a way to utilize radio resources more efficiently
by selecting an appropriate UL/DL configuration based on
interference situation and different traffic characteristics in
DL and UL.

In regards to scheduling and HARQ timing in LTE TDD,
since the UL and DL transmissions are not continuous, the
scheduling and HARQ timing relationships are separately
defined in the related LTE specifications. Currently, the
HARQ ACK/NACK timing relationship for downlink is
defined by 3GPP LTE Release 10, an example of which is
shown in Table 2 below. The data in Table 2 associates an UL
sub-frame n, which conveys ACK/NACK, with DL sub-
frames n-k;, i=0 to M-1.
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mission in UL sub-frame i-k, k. In addition, for UL/DL con-
figuration 0, sub-frames 0 and 5 include 1,,;~;~=1, k=6. This
is because there are two ACK/NACKSs transmitted in sub-
frames 0 and 5.

TABLE 3

k for HARQ ACK/NACK

TDD UL/DL

ubframe number i

Configuration 0 1 2 3 4 5 6 7 8 9

0 7 4 7 4

1 4 6 4 6
2 6 6

3 6 6 6
4 6 6
5 6

6 6 4 7 4 6

The UL grant, ACK/NACK and transmission, retransmis-
sion relationship is listed in Table 4 below. The UE may upon
detection of a PDCCH with DCI format 0 or a PHICH trans-
mission in sub-frame n intended for the UE, adjust the corre-
sponding PUSCH transmission in sub-frame n+k, with k
given in Table 4.

For TDD UL/DL configuration 0, the LSB of the UL index
in the DCI format 0 is set to 1 in sub-frame n or a PHICH is
received in sub-frame n=0 or 5 in the resource corresponding
t0 Lpz7cr=1, or PHICH is received in sub-frame n=1 or 6, the
UE shall adjust the corresponding PUSCH transmission in
sub-frame n+7. If, for TDD UL/DL configuration 0, both the

TABLE 2
Downlink association set index K: {ko, ki, .. . kys (F
UL-DL Subframe n
Configuration 0 1 2 3 4 5 6 7 8 9
0 - 6 — 4 — 6 4
1 - 7,6 4 — - - 76 4 —
2 - 8,7,4,6 — 87456 —
3 - — 7,6,11 6,5 54 — —
4 — = 12,8,7,11 6,5.47 — — — _
5 . 13,12,9,8,7,5,4,11,6 _ - - - =
6 — — 7 7 5 — — 7 7 —

The uplink HARQ ACK/NACK timing linkage defined by
LTE Release 10, an example of which is shown in Table 3
below. Table 3 indicates that the PHICH ACK/NACK
received in DL sub-frame 1 is linked with the UL data trans-

65

MSB and LSB of the UL index in the DCI format O are set in
sub-frame n, the UE shall adjust the corresponding PUSCH

transmission in both sub-frames n+k and n+7, with k given in
Table 4.
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TABLE 4

k for PUSCH transmission

TDD UL/DL subframe number n

Configuration 0 1 2 3 4 5 6 7 8 9

0 4 6 4 6
1 6 4 6 4
2 4 4

3 4 4 4
4 4 4
5 4

6 77 77 5

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of this disclosure, ref-
erence is now made to the following brief description, taken
in connection with the accompanying drawings and detailed
description, wherein like reference numerals represent like
parts.

FIG.1is a schematic representation of an example wireless
cellular communication system based on 3GPP long term
evolution (LTE);

FIG. 2 is a schematic illustrating Secondary Cell (SCell)
timing linkage for cross-carrier scheduling (c-scheduling)
with Primary Cell (PCell) configuration 0 and SCell configu-
ration 1;

FIG. 3 is a schematic illustrating SCell timing linkage for
separate scheduling with PCell configuration 0 and SCell
configuration 1;

FIG. 4 is a schematic illustrating SCell timing linkage for
separate scheduling using another implementation of the
present disclosure;

FIG. 5 is a schematic illustrating SCell timing linkage for
c-scheduling with PCell configuration 1 and SCell configu-
ration 0

FIG. 6 is a schematic illustrating SCell timing linkage for
c-scheduling with PCell configuration 2 and SCell configu-
ration 6;

FIG. 7 is a schematic illustrating SCell timing linkage for
c-scheduling with PCell configuration 6 and SCell configu-
ration 2;

FIG. 8 is a schematic illustrating SCell timing linkage for
c-scheduling with PCell configuration 2 and SCell configu-
ration 0

FIG. 9 is a schematic illustrating SCell timing linkage for
c-scheduling with PCell configuration 0 and SCell configu-
ration 2;

FIG. 10 is a schematic illustrating SCell timing linkage for
c-scheduling with PCell configuration 1 and SCell configu-
ration 6;

FIG. 11 is a schematic illustrating SCell timing linkage for
c-scheduling with PCell configuration 6 and SCell configu-
ration 1;

FIG. 12 is a schematic illustrating of CA between two
different switch periodicity configurations with PCell con-
figuration 3 and SCell configuration 1;

FIG. 13 is a schematic illustrating SCell timing linkage for
c-scheduling with PCell configuration 3 and SCell configu-
ration 1;

FIG. 14 is a schematic illustrating CA between configura-
tion 0 and configuration 5;

FIG. 15 is a schematic illustrating SCell timing linkage for
c-scheduling with PCell configuration 2 and SCell configu-
ration 6 in half-duplex mode;
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FIG. 16 is a schematic illustrating SCell timing linkage for
c-scheduling with PCell configuration 6 and SCell configu-
ration 2 in half-duplex mode;

FIG. 17 is a schematic illustrating CA with configuration O
and 1 in half duplex mode;

FIG. 18 is flow chart illustrating example method for
HARQ timing for CCs with different UL/DL configurations
for a full-duplex mode; and

FIG. 19 is flow chart illustrating example method for
HARQ timing for CCs with different UL/DL configurations
for a half-duplex mode.

DETAILED DESCRIPTION

The present disclosure is directed to a system and method
for scheduling and HARQ timing for aggregated TDD CCs
with different Up Link/Down Link (UL/DL) configurations.
For example, the disclosed systems may include inter-band
carrier aggregation where component carriers in each band
use different TDD configurations. In these instances, a Pri-
mary Cell (PCell) may communicate using a primary com-
ponent carrier in a first frequency band having a primary TDD
configuration, and a Secondary Cell (SCell) communicating
using a secondary component carrier in a second frequency
band different from the first frequency band having a second-
ary TDD configuration. In doing so, the mobile device may
transmit a downlink HARQ in response to received downlink
data in the second component carrier in the primary compo-
nent carrier using a supplemental TDD configuration. In other
words, the mobile device may transmit a downlink HARQ for
the second component carrier using a TDD configuration
different from the secondary TDD configuration, i.e., a
supplemental TDD configuration. In the present disclosure,
the term “primary” refers to aspects associated with the PCell
such as the primary component carrier refers to a component
carrier the PCell communicates. In addition, the term “sec-
ondary” refers to aspects associated with the SCell such as the
secondary TDD configuration refers to the TDD configura-
tion used by the SCell. In some implementations, the supple-
mental TDD configuration may be a union or aggregation of
the TDD configuration of the PCell and the SCell. For
example, the supplemental downlink TDD configuration may
be a combination ofthe primary downlink TDD configuration
and the secondary downlink TDD configuration, as discussed
in more detail below. In some implementations, the supple-
mental configuration may be based on the duplex mode of the
associated User Equipment (UE) device. For example, the
supplemental configuration may be based on whether the UE
operates in a full-duplex mode or a half-duplex mode. In
addition, the disclosure includes determining the muting
direction in the half-duplex mode.

In some implementations in full-duplex mode, the PCell
may follow its own timing relationship or the primary TDD
configuration for both UL and DL. In these instances, the
SCell DL, HARQ may follow the timing relationship or the
supplemental TDD configuration having the union of DL
subframe sets for two aggregated configurations. In some
instances, the number of DL HARQ processes may be set to
the same number as in the configuration used for DL HARQ
timing, which may be the same as one of the seven HARQ
timing relationships defined by the LTE standard. The SCell
UL grant and UL HARQ may follow the TDD configuration
including the union of UL subframe sets for two aggregated
configurations. In these instances, the number UL HARQ
processes may include the same number as the configuration
used for UL timing. In some implementations, the scheme for
the full duplex mode may be extended to more than two
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different configurations in more than two CC CA scenarios.
For example, the supplemental downlink TDD configuration
may be an aggregation of the primary downlink TDD con-
figuration and all of the secondary downlink TDD configura-
tions. In regards to the TDD configuration for the half-duplex
mode, the scheme may be designed to support low cost UEs
that do not execute simultaneous Reception/Transmission
(RX/TX). To facilitate the timing design, the muting may be
limited to the SCell. In some implementations, the timing
relationship for the primary cell can be applied to both the
primary cell and all secondary cells. In determining the mut-
ing direction in the half-duplex mode, the muting may be
limited to the SCell due to timing issues. In some implemen-
tations, the scheme for the half-duplex mode may update the
muting direction semi-statically based on at least one of the
interference situation or traffic loading situation. For
example, the PCell may be switched to the SCell and the
SCell may be switched to PCell.

As previously mentioned, the supplemental TDD configu-
ration in the full-duplex mode may reuse existing timing
defined in current LTE system (Rel-8/9/10). In other words,
the supplemental TDD configuration different from the sec-
ondary TDD configuration may be defined such that the result
equals one of the seven TDD configurations defined by the
LTE standard. For example, the supplemental TDD configu-
ration may be based on a first carrier C, and a second carrier
C, having different UL/DL configurations and defined as
followed:

DL Union (DLU)=DL,; UDL,, where DL, and DL, are the

downlink subframe sets of configuration C, and C,.
UL Union (ULU)=UL, UUL,, where UL, and UL, are the
uplink subframe sets of configuration C, and C,.

PCell follows its own UL/DL configuration or primary
TDD configuration. PCell here could be either C, or C,.

SCell DL HARQ follows the timing of configuration with
the same DL subframe pattern as DL U, which matches
one of the seven existing configurations in Table 1.

SCell UL grant and UL HARQ follow the timing configu-
ration with the same UL subframe pattern as ULU,
which matches one of seven existing configurations in
Table 1.

Alternatively, this rule may be defined such that SCell DL,
HARQ follows the timing configuration including the super-
set of DL subframes, while SCell UL grant and UL, HARQ
follow the timing configuration including the superset of UL
subframes. The number of DL or UL HARQ processes may
be set to the same configuration used for DL or UL HARQ
timing, respectively. In this way, the timing linkage for sched-
uling and HARQ on both CCs may follow the existing timing
rules defined in Release 8/9/10. The above rules may be
applicable to both separate scheduling and cross-carrier
scheduling cases. By following these implementations, the
inter-band TDD CA with different UL/DL configurations
may be possible for both high cost UEs, i.e., the UEs capable
of supporting simultaneous RX/TX or full-duplex mode, and
low cost UEs, i.e., UEs only capable to communication in one
direction at a time or half-duplex mode. In half-duplex mode,
the muting direction may be semi-statically changed based on
the interference condition and traffic situation.

The mobile electronic devices described above may oper-
ate in a cellular network, such as the network shown in FIG.
1, which is based on the third generation partnership project
(3GPP) long term evolution (LTE), also known as Evolved
Universal Terrestrial Radio Access (E-UTRA). More specifi-
cally, FIG. 1 is a schematic representation of an example
wireless cellular communication system 100 based on 3GPP
long term evolution. The cellular network system 100 shown
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in FIG. 1 includes a plurality of base stations 112. In the LTE
example of FIG. 1, the base stations are shown as evolved
Node B (eNB) 112. It will be understood that the base station
may operate in any mobile environment including femtocell,
picocell, or the base station may operate as a node that can
relay signals for other mobile and/or base stations. The
example LTE telecommunications environment 100 of FIG. 1
may include one or a plurality of radio access networks 110,
core networks (CNs) 120, and external networks 130. In
certain implementations, the radio access networks may be
Evolved Universal Mobile Telecommunications System
(UMTYS) terrestrial radio access networks (EUTRANS). In
addition, in certain instances, core networks 120 may be
evolved packet cores (EPCs). Further, there may be one or
more mobile electronic devices 102 operating within the LTE
system 100. In some implementations, 2G/3G systems 140,
e.g., Global System for Mobile communication (GSM),
Interim Standard 95 (IS-95), Universal Mobile Telecommu-
nications System (UMTS) and CDMA2000 (Code Division
Multiple Access) may also be integrated into the LTE tele-
communication system 100.

Inthe example LTE system shown in FIG. 1, the EUTRAN
110 comprises eNB 112a and eNB 1124. Cell 114a is the
service area of eNB 1124 and Cell 1145 is the service area of
eNB 1125. UE 102a and 1024 operate in Cell 114a and are
served by eNB 112a. The EUTRAN 110 can comprise one or
a plurality of eNBs 112 and one or a plurality of UEs can
operate in a cell. The eNBs 112 communicate directly to the
UEs 102. In some implementations, the eNB 112 may be in a
one-to-many relationship with the UE 102, e.g., eNB 1124 in
the example LTE system 100 can serve multiple UEs 102 (i.e.,
UE 102a and UE 1025) within its coverage area Cell 114a,
but each of UE 102a and UE 1025 may be connected only to
one eNB 112¢ at a time. In some implementations, the eNB
112 may be in a many-to-many relationship with the UEs 102,
e.g., UE 102a and UE 1025 can be connected to eNB 1124
and eNB 1125. The eNB 112a may be connected to eNB 1125
with which handover may be conducted if one or both of UE
1024 and UE 10254 travels from eNB 1124 to eNB 1125. UE
102 may be any wireless electronic device used by an end-
user to communicate, for example, within the LTE system
100. The UE 102 may be referred to as mobile electronic
device, user device, mobile station, subscriber station, or
wireless terminal UE 102 may be a cellular phone, personal
data assistant (PDA), smart phone, laptop, tablet personal
computer (PC), pager, portable computer, or other wireless
communications device.

UEs 102 may transmit voice, video, multimedia, text, web
content and/or any other user/client-specific content. On the
one hand, the transmission of some of these contents, e.g.,
video and web content, may require high channel throughput
to satisfy the end-user demand. On the other hand, the channel
between UEs 102 and eNBs 112 may be contaminated by
multipath fading, due to the multiple signal paths arising from
many reflections in the wireless environment. Accordingly,
the UEs’ transmission may adapt to the wireless environment.
In short, UEs 102 generate requests, send responses or oth-
erwise communicate in different means with Enhanced
Packet Core (EPC) 120 and/or Internet Protocol (IP) net-
works 130 through one or more eNBs 112.

A radio access network is part of a mobile telecommuni-
cation system which implements a radio access technology,
such as UMTS, CDMA2000 and 3GPP LTE. In many appli-
cations, the Radio Access Network (RAN) included in a LTE
telecommunications system 100 is called an EUTRAN 110.
The EUTRAN 110 can be located between UEs 102 and EPC
120. The EUTRAN 110 includes at least one eNB 112. The
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eNB can be a radio base station that may control all or at least
some radio related functions in a fixed part of the system. The
at least one eNB 112 can provide radio interface within their
coverage area or a cell for UEs 102 to communicate. eNBs
112 may be distributed throughout the cellular network to
provide a wide area of coverage. The eNB 112 directly com-
municates to one or a plurality of UEs 102, other eNBs, and
the EPC 120.

The eNB 112 may be the end point of the radio protocols
towards the UE 102 and may relay signals between the radio
connection and the connectivity towards the EPC 120. In
certain implementations, the EPC 120 is the main component
of'a core network (CN). The CN can be a backbone network,
which may be a central part of the telecommunications sys-
tem. The EPC 120 can include a mobility management entity
(MME), a serving gateway (SGW), and a packet data network
gateway (PGW). The MME may be the main control element
in the EPC 120 responsible for the functionalities comprising
the control plane functions related to subscriber and session
management. The SGW can serve as a local mobility anchor,
such that the packets are routed through this point for intra
EUTRAN 110 mobility and mobility with other legacy
2G/3G systems 140. The SGW functions may include the
user plane tunnel management and switching. The PGW may
provide connectivity to the services domain comprising
external networks 130, such as the IP networks. The UE 102,
EUTRAN 110, and EPC 120 are sometimes referred to as the
evolved packet system (EPS). It is to be understood that the
architectural evolvement of the LTE system 100 is focused on
the EPS. The functional evolution may include both EPS and
external networks 130.

Though described in terms of FIG. 1, the present disclosure
is not limited to such an environment. In general, cellular
telecommunication systems may be described as cellular net-
works made up of a number of radio cells, or cells that are
each served by a base station or other fixed transceiver. The
cells are used to cover different areas in order to provide radio
coverage over an area. Example cellular telecommunication
systems include Global System for Mobile Communication
(GSM) protocols, Universal Mobile Telecommunications
System (UMTS), 3GPP Long Term Evolution (LTE), and
others. In addition to cellular telecommunication systems,
wireless broadband communication systems may also be suit-
able for the various implementations described in the present
disclosure. Example wireless broadband communication sys-
tem includes IEEE 802.11 wireless local area network, IEEE
802.16 WiMAX network, etc.

FIG. 2 is a schematic 200 illustrating aggregating two CCs
with configuration 0 and 1 in accordance with some imple-
mentations of the present disclosure. As illustrated, the sche-
matic 200 includes a timing linkage for c-scheduling with
Primary Cell (PCell) 202 having a configuration 0 and a
Secondary Cell (SCell) 204 having a configuration 1. In these
implementations, the downlink subframe union or supple-
mental downlink TDD configuration and the uplink subframe
union or supplemental uplink TDD configuration are defined
as followed:

DL(conf #0)={0,1,5,6}, DL(conf#1)={0,1,4,5,6,9}; So,

DLU={0,1,4,5,6,9}, matches conf #1.
UL(conf #0)={2,3,4,7,8,9}, DL(conf#1)={2,3,7,8}; So,

ULU={2,3,4,7,8,9}, matches conf #0.
If the PCell 202 is has configuration 0, the PCell 202 may
follow its own configuration timing. The SCell UL grant and
HARQ may also follow configuration 0, and the SCell DL
HARQ may follow configuration 1 timing based on the above
definition. The schematic 200 only shows the SCell timing
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linkage for cross-carrier scheduling case and not the timing
linkage for the PCell 202 as it is the same as in the current
specification.

Since the number of UL subframes with SCell configura-
tion 1 is less than the number of UL subframes in configura-
tion 0, the UL index may not be varied in scheduling, and
1p 70z may not be varied in ACK/NACK identification. The
UL index value and 1, may be set to a fixed value, e.g.,
LSB=1, MSB=0 as well as 1,,,.,~1. Alternatively, the UL
index may not be included in the UL grant for SCell’s PUSCH
scheduling as UL index is used, for example, for UL/DL
configuration 0 only. The former approach may keep a DCI
format size for SCell’s PUSCH the same as the one for
PCell’s PUSCH which may be desirable for cross-carrier
scheduling to share the search space. Not including UL index
for the separate scheduling may reduce the DCI format size.
Since UL index and Downlink Assignment Index (DAI) share
the same two bits in DCIO, collision between these two fields
is typically avoided. In some implementations, the UL index
may only be used for configuration O due to a large number of
UL subframes. Any other configurations, except for configu-
ration 6, which use configuration 0 as UL scheduling timing
may not use the UL index bits. If there is potential collision
with DAI bits, UL index bits may not be included. For con-
figuration 6, the cross-carrier scheduling may be disabled and
only use separate scheduling. For SCell subframe #4 and #9,
there may be no DL PDCCH at the same TTI to schedule
them. For subframe #4 and #9, one or more of the following
may be executed: (a) cross TTI scheduling (shown in sche-
matic 200, #4 SCell is scheduled by PCell subframe #1); (b)
bundle scheduling, e.g. same grant for SCell #4 and #1; (c)
temporarily disable cross-carrier scheduling, the SCell #4
and #9 are scheduled by SCell itself; or others.

FIG. 3 is a schematic 300 illustrating the SCell timing
linkage for separate scheduling case based on one or more
implementations in the present disclosure. In particular, the
schematic 300 includes PCell 302 and SCell 304 illustrating
SCell timing linkage for s-scheduling with PCell configura-
tion 0 and SCell configuration 1. In these implementations,
the SCell subframe #0 and #5 may not be configured with any
PHICH resource for the UL/DL configuration 1. To be able to
transmit ACK/NACK on those subframes, PHICH resource
may be configured on those subframes for a new release UE.
The legacy UE may not know this newly configured PHICH
resource, which may be discarded. The PDCCH blind decod-
ing may not be able to pick it up. Alternatively, only resource
adaptive retransmission with UL grant may be supported
without PHICH reception for PUSCH in subframe #3 and #8.

Alternatively, the current timing relationship may be
reused and the new proposed rule may be applied only in case
there is a problem with the current scheduling and HARQ
timing. More specifically, for separate scheduling case, the
UE may execute a second method including the following:
PCell 302 follows its own UL/DL configuration timing rela-
tionship; SCell DL HARQ follows the timing of configura-
tion with the same DL subframe pattern as DLU; and SCell
UL grant and UL HARQ follow its own UL/DL configuration
timing relationship.

FIG. 4 is a schematic 400 illustrating the SCell timing
linkage executing the second method previously discussed. In
particular, the schematic 400 includes the PCell 402 and the
SCell 404 where the SCell UL grant and UL HARQ follow its
own UL/DL configuration timing relationship as compared
with an UL union. These implementations may not include
the zero PHICH resource issue as previously discussed. The
UL HARQ cycle may be shorter as well. With carrier aggre-
gation, the load on both PUCCH and PHICH increases.
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Although the new timing linkage may be used, it may still
follow one of the existing UL/DL configurations. In these
instances, the current PUCCH and PHICH structure may be
supported. For example, for PUCCH, PUCCH format 1b with
channel selection may be configured with up to 4 ACK/
NACK bits transmission. Otherwise, if the capacity is
exceeded, PUCCH format 3 may be used. For PHICH, the
amount of PHICH resource may be adjusted by phich-Re-
source, Ng, in PHICH-Config IE.

FIG. 5 is a schematic 500 illustrating SCell timing linkage
where the primary cell is configuration 1 and the secondary
cell is configuration 0. In particular, the schematic 500
includes PCell 502 and SCell 504 where the SCell timing
linkage for c-scheduling with PCell configuration 1 and SCell
configuration 2. In these implementations, with cross-carrier
scheduling, the SCell UL grant and UL HARQ may follow
configuration 0 timing and DI. HARQ may follow configu-
ration 1.

FIGS. 6-11 illustrate schematics 600-1100, respectively,
for timing linkage in full duplex mode for special cases in
regards to UL grant timing and UL HARQ timing. Referring
to FIGS. 6 and 7, the schematic 600 and 700 illustrate an
example with a combination of configuration 2 and configu-
ration 6 where the DL.U matches configuration 2 and ULU
matches configuration 6. In particular, the schematic 600
includes PCell 602 and SCell 604 where the SCell timing
linkage for c-scheduling with PCell configuration 2 and SCell
configuration 6, and the schematic 700 includes the PCell 702
and the SCell 704 where SCell timing linkage for c-schedul-
ing with PCell configuration 6 and SCell configuration 2. In
other words, FIGS. 6 and 7 illustrate the timing linkage for the
secondary cell with different primary cell configurations. In
FIG. 7, when the PCell 702 is configuration 6, the retransmis-
sion for NACK from subframe #1, #6 would be on SCell
subframe #8, #3 which is not a UL subframe. The retransmis-
sion may be amended to subframe #7, #2. This situation may
also apply to the initial UL grant. The similar scenario may
occur with a few other configuration combinations as shown
below.

Referring to FIGS. 8 and 9, the schematic 800 and 900
illustrate an example with a combination of configuration 0
and configuration 2. In particular, the schematic 800 includes
PCell 802 and SCell 804 where the SCell timing linkage for
c-scheduling with PCell configuration 2 and SCell configu-
ration 0, and the schematic 900 includes the PCell 902 and the
SCell 904 where SCell timing linkage for c-scheduling with
PCell configuration 0 and SCell configuration 2. With this
combination, the SCell UL grant and HARQ follow the con-
figuration 0 timing, and the DL. HARQ is following configu-
ration 2. SCell subframe #8 and #3 may not be UL subframes
for the UL transmission or retransmission. As shown in FIGS.
7 and 9, the solution may include using (the original subframe
index—1) instead. In some implementations, the resulting
subframe index for transmission or retransmission cannot be
less than n+4, while n is the subframe index conveying the
grant or NACK.

Referring to FIGS. 10 and 11, the schematic 1000 and 1100
illustrate an example with a combination of configuration 1
and configuration 6. In particular, the schematic 1000
includes PCell 1002 and SCell 1004 where the SCell timing
linkage for c-scheduling with PCell configuration 1 and SCell
configuration 6, and the schematic 1100 includes the PCell
1102 and the SCell 1104 where the SCell timing linkage for
c-scheduling with PCell configuration 6 and SCell configu-
ration 1. Based on the proposed method, the SCell UL grant
and HARQ may follow the configuration 6 timing. DL
HARQ may follow configuration 1. In FIG. 11, subframe #4
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may not be an UL, and, if minus one, the subframe #3 may be
occupied by the retransmission for NACK from subframe #6.
In these instances, the transmission or retransmission may be
on the next available UL subframe, which is subframe #7 in
this case.

In summary, regarding FIGS. 6-11, these special cases may
occur when the primary cell DL subframe set is the subset of
the secondary cell DL subframe set. In these instances, the
following may be executed: the current transmission or
retransmission subframe index, m, minus one (m-1) if (m-1)
is not less than n+4, while n is the subframe index conveying
the grant or NACK; otherwise, or if the m-1 subframe is
occupied, transmit or retransmit on the next available UL
subframe; and the eNB may have the knowledge of the situ-
ation and determine when to expect the transmission or
retransmission.

FIGS. 12 and 13 are schematics 1200 and 1300, respec-
tively, illustrating timing linkage in full duplex mode with
two CCs with different switch periodicities. Two switch peri-
odicities are frequently introduced for compatibility with dif-
ferent chip rate legacy systems. 5 ms switching point period-
icity may be introduced to support the coexistence between
LTE and low chip rate UTRA TDD systems, and 10 ms
switching point periodicity may be for the coexistence
between LTE and high chip rate UTRA TDD system. The
possibility of aggregating carriers with different switching
periodicity configurations may be low, but the methods pre-
viously discussed may also work with the different switch
periodicity configurations.

Referring to FIG. 12, the schematic 1200 illustrates that
PCell 1202 and SCell 1204 where the ULU 1206 is configu-
ration 4 and the DL.U 1208 is configuration 6. Since configu-
ration 1 has two special subframes, one may be identified as
a DL subframe. In the instances, the DLU 1206 is equivalent
to configuration 4; while ULU 1208 is equivalent to configu-
ration 6. The secondary cell UL grant and HARQ may follow
configuration 6 timing linkage and DL. HARQ may follow
configuration 4. Referring to FIG. 13, the schematic 1300
includes PCell 1302 and the SCell 1304 where SCell timing
linkage for c-scheduling with PCell configuration 3 and SCell
configuration 1. In particular, the schematic 1300 illustrates
the secondary cell timing linkage with configuration 3 as the
primary cell and configuration 1 as the secondary cell in the
case of cross-carrier scheduling.

In addition to FIGS. 2-13, the time linkage in the full
duplex mode may be extend to more than two different con-
figurations. For example, in the case with five different
UL/DL configurations, C, and Cg,, Cs,, Cgs, Cgy, on differ-
ent CCs may be aggregated together. C, may be the primary
celland Cg; 1=1,2,3,4, may be the secondary cells. The timing
linkage or supplemental TDD configuration may be defined
as followed: (1) DLU=DL U DL, where DL , and DL ; are
the downlink subframe sets of configuration C, and Cg,, i=1,
2,3,4; (2) ULU=ULUUL,, where UL, and UL, are the
uplink subframe sets of configuration C, and Cg,, i=1,2,3.4;
(3) PCell follows its own UL/DL configuration timing rela-
tionship; (4) SCell with Cg;, i=1,2,3,4, DL HARQ follows the
timing of configuration with the same DL subframe pattern as
DLU,; and (5) SCell with Cg, i=1,2,3,4, UL grant and UL
HARQ follow the timing of configuration with the same UL
subframe pattern as ULU,. For separate scheduling case, the
second method previously discussed may be also applied as
followed: (1) PCell follows its own UL/DL configuration
timing relationship; (2) SCell with Cg,, i=1,2,3,4, DL HARQ
follows the timing of configuration with the same DL sub-



US 9,203,559 B2

13
frame pattern as DLU,; and (3) SCell with Cg,, i=1,2,3,4, UL
grant and UL HARQ follow its own UL/DL configuration,
Cg;, timing relationship.

FIGS. 14-17 are schematics 1400-1700, respectively, that
illustrate carrier aggregation in half-duplex mode. These
implementations are designed for the low cost UE which does
not support simultaneous RX/TX. To facilitate the timing
design, the muting may occur on the SCell because the
PUCCH may be on the primary cell and grants may come
from the PCell as well if cross-carrier scheduling. The flex-
ibility of radio subframe allocation is implemented by the
approach described with respect to FIG. 17.

For half duplex capable UEs, CCs with different switch
periodicity UL/DL configurations are typically not aggre-
gated because the number of special subframes is different
with different switch periodicities. Referring to FIG. 14, the
schematic 1400 illustrates CA between configuration 0 and
configuration 5. In particular, the schematic 1400 includes the
cell 1402 and the cell 1404 such that subframe #6 is muted,
which may lead to low resource utilization efficiency. To
address this inefficiency, UEs operating in a half-duplex
mode may execute one or more of the following: (1) do not
consider CA with different switch periodicity configurations;
(2) during conflicting subframes, execute the PCell subframe
direction; use the PCell timing on all CCs; and the few excep-
tion cases are handled with the same method as in full duplex
case.

Referring to FIGS. 15 and 16, the schematics 1500 and
1600 illustrate the situation where configuration 2 and con-
figuration 6 are aggregated with half duplex mode. In these
implementations, the subframes in boxes are muted. Refer-
ring to FIG. 15, the schematic 1500 includes PCell 1502 and
SCell 1504 illustrating SCell timing linkage for c-scheduling
with PCell configuration 2 and SCell configuration 6. In other
words, the PCell 1502 is configuration 2, so the timing rela-
tionship follows configuration 2 timing Referring to FIG. 16,
the schematic 1600 includes PCell 1602 and SCell 1604
illustrating SCell timing linkage for c-scheduling with PCell
configuration 6 and SCell configuration 2. The PCell 16-2 is
configuration 6, so the timing linkage follows configuration
6. In this case, the exception case appears on PCell subframes
#3 and #8, so the minus one rule previously described may be
applied in these instances. The implementations described in
FIGS. 14-17 may be applied to both cross-carrier scheduling
and separate scheduling scenarios.

In regards to determining the muting direction in the half-
duplex mode, the muting, in some implementations, can
occur on the SCell due to the timing issue. In these instances,
the muting direction may be semi-statically based on at least
one of the interference situation or traffic intensity. For
example, the PCell and SCell may be switched.

Referring to FIG. 17, the schematic 1700 illustrates CA
with configuration 0 and 1 in half duplex mode. In particular,
the schematic 1700 includes the cell 1702 and the cell 1704
illustrating a combination of configuration 0 and 1 where the
direction conflicting subframes are #4 and #9. In half duplex
mode, schematic 1700 illustrates that one direction subframe
is muted from both the cell 1702 and the cell 1704. The
determination of the muting direction may be based on the
evaluation of current interference condition (interference at
least one of a certain band, time period or UL/DL direction)
and traffic situation (UL or DL heavy). If the decision is to
mute the DL direction, then the cell 1702 may be taken as the
primary cell, all the timing relationship follows the configu-
ration 0 timing, subframes #4 and #9 on configuration 1 may
be muted and vice versa. This process may be performed
periodically and the muting direction may be semi-statically
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changed. In some implementations, the UE may switch the
PCell and SCell, in order to change the muting direction,
executing the following: (1) for given period, evaluate the
interference condition and traffic situation; (2) if the muting
direction need to be changed, (a) handover from current PCell
to deactivated SCell, (b) remove the current SCell in the SCell
list, and (c) add the current PCell as a SCell; and (3) return to
the initial step.

FIGS. 18 and 19 are flowcharts illustrating example meth-
ods for HARQ timing for CCs with different UL/DL configu-
rations for a full-duplex mode and a half-duplex mode,
respectively. These methods are for illustration purposes only
and that the described or similar techniques may be per-
formed at any appropriate time, including concurrently, indi-
vidually, or in combination. In addition, many of the steps in
the flowchart may take place simultaneously and/or in differ-
ent orders than as shown. Moreover, systems may use meth-
ods with additional steps, fewer steps, and/or different steps,
so long as the methods remain appropriate.

Referring to FIG. 18, method 1800 begins at step 1802
where, using a primary Time Division Duplex (TDD) con-
figuration, data is received on a primary component carrier in
a first frequency band. For example, the PCell may commu-
nicate downlink data to a UE using a primary component
carrier in a first frequency band in accordance with a primary
TDD configuration. As previously mentioned, the downlink
TDD configuration for a PCell may be referred to as a primary
downlink TDD configuration. At step 1804, using a second-
ary TDD configuration, data is received on a secondary com-
ponent carrier in a second frequency band different from the
first frequency band. In the example, the SCell may commu-
nicate with the UE using a secondary component carrier in a
second frequency band different from the first frequency
band. Similar to the PCell, the downlink TDD configuration
for the SCell may be referred to the secondary downlink TDD
configuration. Next, at step 1806, a Hybrid Automatic Repeat
Request (HARQ) for data received on the second component
carrier is transmitted using a supplemental DL TDD configu-
ration. As for the example, the UE may transmit a downlink
HARQ using a supplemental TDD configuration different
from the secondary TDD configuration. In some implemen-
tations, the supplemental TDD configuration may be an
aggregation of the primary TDD configuration and the sec-
ondary TDD configuration. At step 1808, using a supplemen-
tal uplink TDD configuration, an uplink HARQ for uplink
data transmitted on the secondary component carrier is
received. In some implementations, the supplemental uplink
TDD configuration specifies a set of uplink subframes includ-
ing uplink subframes in the primary TDD configuration and
the secondary TDD configuration. Next, at step 1810, using
the supplemental uplink TDD configuration, an uplink grant
granting resources for uplink data transmissions is received
on the secondary component carrier.

Referring to FIG. 19, method 1900 begins at step 1902
where a first transmission direction at a subframe in a primary
component carrier is determined using a primary Time Divi-
sion Duplex (TDD) configuration. In some implementations,
the primary component carrier is in a first frequency band.
Next, at step 1904, second transmission direction at the sub-
frame in a secondary component carrier is determined using a
secondary TDD configuration. In some implementations, the
second component carrier is in a second frequency band
different from the first frequency band. At step 1906, a muted
component carrier is selected from component carriers based
on interference situation and traffic scenario. Next, at step
1908, transmission and reception on the muted component
carrier is muted at the subframe.
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A number of implementations of the disclosure have been
described. Nevertheless, it will be understood that various
modifications may be made without departing from the spirit
and scope of the disclosure. Accordingly, other implementa-
tions are within the scope of the following claims.

What is claimed is:

1. A method of wireless communications between a wire-
less communications network and wireless user equipment,
comprising:

receiving, using a primary time division duplex (TDD)

configuration, data on a primary component carrier in a
first frequency band;

receiving, using a secondary TDD configuration, data on a

secondary component carrier, in a first subframe, in a
secondary frequency band different from the first fre-
quency band, wherein the secondary TDD configuration
defines a second subframe, relative to the first subframe,
for transmitting a Hybrid Automatic Repeat Request
(HARQ) acknowledgement/negative acknowledgement
(ACK/NACK) for the data received on the secondary
component carrier;

determining that the HARQ ACK/NACK for the data

received on the secondary component carrier is to be
transmitted on the primary component carrier; and

in response to the determining, transmitting, using the pri-

mary component carrier, the HARQ ACK/NACK for the
data received on the second component carrier using a
supplemental TDD configuration, wherein the HARQ
ACK/NACK is transmitted in a subframe different from
the second subframe and the supplemental TDD con-
figuration comprises a supplemental downlink TDD
configuration, the supplemental downlink TDD con-
figuration specifying a set of downlink subframes
including downlink subframes specified in the primary
TDD configuration and the secondary TDD configura-
tion.

2. The method of claim 1, wherein the primary TDD con-
figuration comprises a primary downlink TDD configuration
including downlink subframes, and the secondary TDD con-
figuration comprises a secondary downlink TDD configura-
tion including downlink subframes.

3. The method of claim 1, further comprising transmitting
a HARQ ACK/NACK for data received on the secondary
component carrier, using a supplemental TDD configuration,
wherein the supplemental TDD configuration specifies a set
of uplink subframes including uplink subframes in the pri-
mary TDD configuration and the secondary TDD configura-
tion.

4. The method of claim 3, further comprising receiving,
using the supplemental TDD configuration, an uplink grant
granting resources for uplink data transmissions on the sec-
ondary component carrier.

5. The method of claim 4, further comprising retransmit-
ting an uplink data packet on the secondary component carrier
at a modified uplink retransmission subframe different from
an uplink retransmission subframe specified by the supple-
mental TDD configuration.

6. The method of claim 5, wherein the modified uplink
retransmission subframe is a subframe preceding the uplink
retransmission subframe.

7. The method of claim 5, wherein the modified uplink
retransmission subframe is a next available uplink subframe
not previously scheduled after the uplink retransmission sub-
frame.

8. The method of claim 1, wherein the supplemental TDD
configuration comprises a supplemental downlink TDD con-
figuration or a supplemental uplink TDD configuration.
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9. The method of claim 1, further comprising receiving
data on tertiary component carrier using a third TDD configu-
ration in a third frequency band different from the first fre-
quency band and the second frequency band, wherein the
supplemental TDD configuration comprises an aggregations
of the primary TDD configuration and third TDD configura-
tion.

10. The method of claim 1, further comprising in response
to not receiving a DL PDCCH to schedule grants, executing at
least one of Cross Transmission Time Interval (TTI) sched-
uling, bundle scheduling, or temporarily disable cross-carrier
scheduling.

11. User Equipment for wireless communications with a
wireless communications network, comprising:

one or more processors configured to:

receive, using a primary time division duplex (TDD)
configuration, data on a primary component carrier in
a first frequency band;

receive, using a secondary TDD configuration, dataon a
secondary component carrier, in a first subframe, in a
secondary frequency band different from the first fre-
quency band, wherein the secondary TDD configura-
tion defines a second subframe, relative to the first
subframe, for transmitting a Hybrid Automatic
Repeat Request (HARQ) acknowledgement/negative
acknowledgement (ACK/NACK) for the data
received on the secondary component carrier;

determine that the HARQ ACK/NACK for the data
received on the secondary component carrier is to be
transmitted on the primary component carrier; and

in response to the determining, transmit, using the pri-
mary component carrier, the HARQ ACK/NACK for
the data received on the second component carrier
using a supplemental TDD configuration, wherein the
HARQ ACK/NACK is transmitted in a subframe dif-
ferent from the second subframe and the supplemen-
tal TDD configuration comprises a supplemental
downlink TDD configuration, the supplemental
downlink TDD configuration specifying a set of
downlink subframes including downlink subframes
specified in the primary TDD configuration and the
secondary TDD configuration.

12. The user equipment of claim 11, wherein the primary
TDD configuration comprises a primary downlink TDD con-
figuration including downlink subframes, and the secondary
TDD configuration comprises a secondary downlink TDD
configuration including downlink subframes.

13. The user equipment of claim 11, the processors further
operable to transmit a HARQ ACK/NACK for data received
on the secondary component carrier, using a supplemental
TDD configuration, wherein the supplemental TDD configu-
ration specifies a set of uplink subframes including uplink
subframes in the primary TDD configuration and the second-
ary TDD configuration.

14. The user equipment of claim 13, the processors further
operable to receive, using the supplemental TDD configura-
tion, an uplink grant granting resources for uplink data trans-
missions on the secondary component carrier.

15. The user equipment of claim 14, the processors further
operable to retransmit an uplink data packet on the secondary
component carrier at a modified uplink retransmission sub-
frame different from an uplink retransmission subframe
specified by the supplemental TDD configuration.

16. The user equipment of claim 15, wherein the modified
uplink retransmission subframe is a subframe preceding the
uplink retransmission subframe.
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17. The user equipment of claim 15, wherein the modified
uplink retransmission subframe is a next available uplink
subframe not previously scheduled after the uplink retrans-
mission subframe.

18. The user equipment of claim 11, wherein the supple-
mental TDD configuration comprises a supplemental down-
link TDD configuration or a supplemental uplink TDD con-
figuration.

19. The user equipment of claim 11, the processors further
operable to receive data on tertiary component carrier using a
third TDD configuration in a third frequency band different
from the first frequency band and the second frequency band,
wherein the supplemental TDD configuration comprises an
aggregations of the primary TDD configuration and third
TDD configuration.

20. The user equipment of claim 11, the processors further
operable to, in response to not receiving a DI, PDCCH to
schedule grants, execute at least one of Cross Transmission
Time Interval (TTI) scheduling, bundle scheduling, or tem-
porarily disable cross-carrier scheduling.

21. An apparatus comprising instructions embodied on a
tangible, non-transitory computer-readable medium, the
instructions operable when executed to cause a computing
system to perform operations comprising:

receiving, using a primary time division duplex (TDD)

configuration, data on a primary component carrier in a
first frequency band;
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receiving, using a secondary TDD configuration, dataon a
secondary component carrier, in a first subframe, in a
secondary frequency band different from the first fre-
quency band, wherein the secondary TDD configuration
defines a second subframe, relative to the first subframe,
for transmitting a Hybrid Automatic Repeat Request
(HARQ) acknowledgement/negative acknowledgement
(ACK/NACK) for the data received on the secondary
component carrier;

determining that the HARQ ACK/NACK for the data
received on the secondary component carrier is to be
transmitted on the primary component carrier; and

in response to the determining, transmitting, using the pri-
mary component carrier, the HARQ ACK/NACK forthe
for data received on the second component carrier using
a supplemental TDD configuration, wherein the HARQ
ACK/NACK is transmitted in a subframe different from
the second subframe and the supplemental TDD con-
figuration comprises a supplemental downlink TDD
configuration, the supplemental downlink TDD con-
figuration specifying a set of downlink subframes
including downlink subframes specified in the primary
TDD configuration and the secondary TDD configura-
tion.



